Carbon coils could be synthesized on nickel catalyst layer-deposited silicon oxide substrate using C 2 H 2 and H 2 as source gases and SF 6 as an additive gas under thermal chemical vapor diameters, compared with the previously reported ones, could be possible using SF 6 additive.
I. Introduction
Since the first report by Davis et al. carbon coils have been noticed because of their unique shape [1] .
Carbon coils have spring-like helix-shaped geometry.
Therefore they may induce an electrical current and consequently generate a magnetic field. So, electrical, magnetic and mechanical properties of carbon coils are more attractive for electromagnetism than straight ones [2] . Their predicted electrical, magnetic and mechanical properties might be attractive to use as nano/micro-sized tactile sensors, actuators, resonators, mechanical springs, and so on [3] [4] [5] [6] .
Coils-type geometries were also reported using SiC [7, 8] and Si 3 N 4 [9] [10] [11] [12] . However, the production of coils-type geometry was accidental and lack of reproducibility. Furthermore, the electrical properties of helically coiled geometry may have metallic, semiconducting or semi-metallic depending on their geometry including diameter [13] . Therefore the controlled geometry of carbon coils would be the problem to be addressed in order to achieve the controlled electrical properties of carbon coils.
For the catalyst, In and Sn were known to play an important role for the formation of carbon coils [14] [15] [16] . Co-silica or Fe-silica catalysts have been I  A  15  35  35  100  90  90  90  5  650   II  B  15  35  35  100  90  90  90  5  675   III  C  15  35  35  100  90  90  90  5  700   IV  D  15  35  35  100  90  90  90  5  725   V  E  15  35  35  100  90  90  90  5 In our previous work, we chose SF6 as a relatively safe sulfur impurity and reduced the amount of the incorporated SF6 gas by minimizing the injection time [27] . In this work, we varied the reaction temperature and examined the growth patterns and morphologies of the carbon coils formed by 5 min-SF6 flow incorporation in C2H2 and H2 source gases.
II. Experimental
The SiO2 substrates in this work were prepared by the thermal oxidation of the 2.0×2.0 cm 2 p-type Si Prior to carbon coils deposition, Ni-coated substrate was placed in the plasma enhanced chemical III. Results and discussion (Fig. 2b) and the immature CNFs on sample B (Fig. 2d ). (Fig. 3b) . In general, many types of carbon coils-related geometries could be observed on sample surfaces, so they could be usually classified into four geometrical categories, namely linear type (LT), micro-sized coil (MC), nano-sized coil (NC), and wave-like nano-sized coil (WNC) (Fig. 3e) . At 
IV. Conclusion
The geometry of carbon coils were developed as 
